Today, the rapidly increasing environmental awareness and the need for available space posed environmentally sensitive change of mining activities and created the target of producing alternative economic values in the fields it is used. For this reason, especially for the last two decades, in the context of the rehabilitation and reactivation in the nature of open-cast mines whose production is either finisher or ongoing, nature restoration work after mining activities have gained momentum. In terms of country and regional planning studies, in the mining activities especially carried out in large areas, the rehabilitation of the sites in terms of the preservation and sustainability of the natural balance within the area is of great importance. With advanced technological equipment, remote sensing systems, unmanned aerial vehicles and increasing data processing techniques, it is possible to follow up the mining initiatives and rehabilitation works carried out especially in large areas. In this way, transaction tracking and success percentages of transactions can be revealed. In the study prepared for this purpose, a sample coal operation was taken into consideration and the rehabilitation works carried out especially at the dump sites were examined. As a result of the study, the adaptation of the species planted to the nature and the survival percent obtained were revealed. In addition to this, the rehabilitation processes on the dump sites were monitored with the help of plant index maps obtained by using unmanned aerial vehicle (UAV) and photogrammetric software and the success of applied methods was evaluated.
Introduction
Mines and mining are of great importance in continuation of today's modern lifestyle and achieving the goals set. Today, as in the past, mining is one of the largest industries. Some adverse effects on the environment are inevitable according to the methods followed during the running of a mine. When compared to underground mining, open pit mining has a more negative effect on the natural environment and the negative visual impact it creates is known to be greater than the underground mining.
The negative impacts of mining activities on the environment can be local and regional, as well as globally. These effects may vary slightly depending on the characteristics of the natural environment, the structure of the mine, the mining technique applied and the nature of the enterprise. Additionally, the realization, estimation, prevention or reduction of these environmental impacts caused by mining activities in real terms is possible with the measures to be taken during the planning of the activity.
Since mining is an activity that changes terrain surfaces, active mining activities in a given time period significantly change the landscape and tend to destroy all traces of land use in the past. The negative effects such as degradation of the visual environment, damage to the landscape, damage to agricultural and forest areas, erosion, land subsidence, etc. are focused on (Sengupta, 1993) . However, the dump sites, which are formed in the immediate vicinity of the mine areas, are often larger than the active mining sites. The rehabilitation of these dump sites is a necessary and compulsory Rehabilitation studies are generally divided into four stages by different researchers. These stages are classified as the site usage plan, reorganizing, improvement, monitoring and maintenance works (Topay and Kaya, 2007; Düzgün, 2009; Mallı et al., 2018) . All of these steps were completed in the prepared study and especially as a result of the completed studies, the use of UAVs in the monitoring and research of tree planting sections were put forward.
Firstly planted areas were followed in five to seven year period and the results of planting studies in different fields were evaluated for this purpose. Secondly, the fields were visualized with UAV progress and the results were evaluated by using TGI and VARI values. As a result of the study, especially the planting of large areas, using UAVs and related visual processing software, according to the indexes given above as a result of the evaluation of plant life and long-term follow-up of the results obtained by classical means overlapped. This situation shows that the results of UAVs, 3D mining software, TGI and VARI values together can be performed accurately, reliably and fast, especially in the pursuit of the rehabilitation of large mining sites.
Review of Literature
Claim is the preparation of the mining operation area for post-mining use, and also the consolidation of the post-operational land by adapting to the environment (Ramani, 1990) . In other words, it is defined as returning the area to its natural state or to a more suitable use, as bringing out the efficient, useful, clean and aesthetically beautiful appearance of the destroyed area (Michaud, 1981) . The re-efficiency of a destroyed area and regaining its ecological, economic and aesthetic values is possible by the nature repair works. http Site usage plan is defined as the formation of the conditions for the land and the determination of ecological targets for re-planting before mining. Reorganizing involves activities such as excavation, soil laying, planting, drainage works etc. The improvement phase is the studies of recovery of biological efficiency in the destroyed area and evaluation and improvement of the soil and the re-planting. The monitoring phase, which is the last stage, can be defined as the phase during which plant development is monitored and evaluated in line with the determined targets after the stages of organizing and improvement. In the study, these processes were done both by classical means and with the help of UAVs and the results were compared.
There are many studies that show the use of UAVs and their successful use in the fields of mining and the environmental relation. For example, Ozcan and Sari (2019) and Gül (2019) , in their studies on the environmental effects and monitoring of quarries, respectively, have demonstrated the success of UAVs in open mines planning. Again, Lee and Choi (2016) focused on the safe use of UAVs for different purposes (planning and monitoring) in mining operations in a study called reviews of unmanned aerial vehicle (drone) technology trends and its applications in the mining industry. Moreover, extensive studies are carried out in different parts of the world. For example, the value of claim costs in the US West Kentucky basin was estimated to be around 8% of the total operating cost. In another study, it was determined that the cover/coal ratio was 8:1 and for each 100 tons production, 0.2 hectares of land was damaged; the cost of claim in an open pit mine was determined to be $ 0.32 / ton or 7.6% of the total cost. In the literature, this value varies between $ 1000 and $ 20000 per hectare. In addition, with the project of East Germany rehabilitation of lignite mines, more than 100 thousand hectares of land became usable and was regained to the environment by spending 7.5 billion euros (Kuyumcu, 2005) .
As seen in the above-mentioned similar studies, the necessity of rehabilitation of the sites as well as the need to regain economic values from the mining areas, encourages enterprises in this direction. Therefore, in the following parts of the study, the rehabilitation studies carried out in the new and old dump sites of the coal mine discussed and follow-up and monitoring of these studies with today's technologies were mentioned. http 
Materials and Methods

Description of the study area
Lignite production site discussed in the study is located in western Turkey, on the Aegean Coast, in the province of Aydin. Until the year 1984 the production was only underground and since 84 to the present day it has functioned as both underground and open-pit production. Until today, about 7 million tons of coal were produced from underground mine and 10 million tons of coal were produced from the open pit mine. In the production process, approximately 160 million m 3 of excavation was carried out on the open pit mine. Fig. 2 shows the site location map, the study area and the rehabilitation areas belonging to the lignite pit. 
Data collection
Planting studies and applications in the field Field studies are listed as the determination of the species that are available before the mining operation, establishment of research zones on the damaged areas and the casting areas, conducting the soil analysis of the areas, sapling planting in the areas formed and maintenance and monitoring of the planted areas.
According to this, the active species in the vicinity of the mine and in the region were determined. Most active tree species in the region are; Pinus Brutia Ten, Rolium Olivarum, Robinia Pseudoacacia and Amygdolus Communis. These identified species were planted in the experimental areas determined on the casting areas whose analysis are given in Table 1 . Soil analyzes in the determined planting areas were made every 6 months starting 1 year before planting, and every 50 x 100 meters. The average values of these soil analyzes in Table 1 are given. In addition, the planting process has been completed with a 5 x 5 meter square and a 20-25 square meter seedling has been completed. The evaluation of the seven years data for Rolium Olivarum and also two years data for Amygdolus Communis obtained from this phase were made by evaluating min 1000 saplings and the data were interpreted statistically. As a result of the evaluations, there were differences in terms of survival percent among the species mentioned above. According to this; about 99% of Rolium Olivarum, about 94% of Robinia Pseudoacacia, 82% of Amygdolus Communis and about % 77 of Pinus Brutia Ten survived in the dump sites ( Table 2) . These values were obtained for Rolium Olivarum eight years later and for Amygdalus Communis two years after planting. Considering the high survival percent of Rolium Olivarum; both because it would increase the success in the rehabilitation process and in order to commercially evaluate the crop obtained from Rolium Olivarum planting, areas numbered 1,2,3 in the casting areas shown in Fig. 2 were totally planted Olivarum trees. The casting sites where Rolium Olivarum are planted in a geometry of 5 m x 5 m and crop today (20 kg oil/tree) are given in Fig. 3 . Because of the factors such as the spreading of open pit casting sites to a very large area, the presence of Amygdolus Communis with Rolium Olivarum among the primary tree species in the region, ensuring diversity in the areas to be planted, and economic yield obtained from the crop of Amygdolus Communis trees, areas numbered 4 and 5 shown in Fig. 2 were planned to plant Amygdolus Communis. For this reason, samples were taken from 30/50 cm from the casting sites corresponding to the regions numbered 4 and 5 in the site and the soil properties given in Table 3 were obtained. Soil samples were taken for each 50 x 100 meter square area. The planting of 1750 Amygdolus Communis trees in the area of approximately 70 hectares numbered 5 and 6 in Fig. 2 and their current situation are shown in Fig. 4 . About 2 years old trees were planted in 5 x 5 geometry. Watering the trees is done by drip irrigation as in olive.
In addition to this, the fertilization process done when necessary (rarely applied) also yielded positive results. As a result of research, the main element of the success in the afforestation was determined as the suitability of the characteristics of the soil (casting material) to be planted to the rapid root development. The plants tested in the field can be evaluated in the selection of species in the afforestation of different fields unless there is another restriction giving positive results in the expected direction. However, when afforestation is done with mixed tree species, planting in groups should be preferred by taking different biology of species into consideration (fast growing tree species are light trees). It is also advised to fertilize with organic fertilizers where possible and to irrigate especially in the first two years. Due to the facts that it has the highest survival percent in the area of re-cultivation and will provide economic contribution in terms of mine's economy in the future, approximately 50,000 olive saplings were planted. As a result of the investigations carried out in this area, it was determined that about 20 kg of crop per tree is obtained from these saplings and approximately 1000 tons of olives are produced annually. http 
UAV data's and technical parameters
UAV used in the acquisition of images has 1 inch 20 MP CMOS sensor and 35 mm focal length, with a single piece lens also the device can take 5472 × 3648 pixel resolution in JPG and RAW format image. In addition, it has GLONASS and GPS satellite support positioning module, 10 m / s wind resistance, 7 km horizontal, 500 m vertical control control distance, 0 -40°C temperature range, between 2.4 and 5.8 Ghz frequency channels in case of need can make the transition.
In addition to the UAV used in the study, the Ashtech Promark 800 GNSS device was used as the positioning system. Real time positioning most accurate tolerance are 10 mm ± 1.0 ppm in horizontally and 20 mm ± 1.0 ppm in vertically. The system is able to deliver real-time raw data and location output up to 20 Hz. Also, unmanned aerial system flight parameters are clearly shown in 
Research methodology
Unmanned aerial vehicles and photogrammetric software, which are used in many different branches of industry, are used effectively in mining industry especially in planning and rehabilitation studies. The facts that the rehabilitation areas are quite large and difficult to access from time to time, and that the measurements and determinations are made in a short time and they are repeatable allowed the UAVs to be included in these areas. With the UAV, "plant index maps" of the fields can be obtained and the health status of the areas that are brought back to the nature can be determined and controlled.
In the field of especially newly planted Amygdolus Communis (Fig. 2 , field numbered 4) and olive fields in close vicinity (Fig. 2, field numbered 2) shown in Fig. 4 , flights were made on the dump sites to reveal the rehabilitation model of the site. The flight plans for the flights are given in Fig. 5a . In total 313 visual reception fields, four aboveground control points were used for the purpose of controlling the system. In the study which especially focused on the new planting areas where Amygdolus Communis trees are located and the vicinity, an area of approximately five hectares was investigated in the first place. The position of the UAV on the site numbered 4 (Amygdolus Communis tree planting area) is shown in Fig. 5b as an example. High-resolution images of the planted area were processed using pix4D software, and a cloud of approximately 10 million 735 thousand points was obtained from the entire area with a mean error margin of less than 4 cm in the measurement. Fig. 5d shows the solid model of the sites produced from the point cloud.
"Vegetation index maps" were obtained by processing of received images. The purpose here is to determine the health status of the plants in the field studied and to follow the development process. Since the study was done with a UAV with integrated RGB camera, TGI (Triangular Greenness Index) and VARI (Visible Atmospheric Resistant Index) indices were used together as vegetation index. The TGI and VARI indices were preferred because of the facts that they stand out among other visual indexes and especially that the VARI index can be used in all stages of plant life (Hunt et al., 2011) .
TGI index, the reflected spectrum value from the plant; is the junction area of the triangle that ground on blue (480 nm), green (550 nm) and red (670 nm) spectral values as the corner point (Fig. 6) . The TGI index value (green reflection value) is has a positive value if it is above the line combining 480nm and 670 nm values; and if not it has a negative value. While the positive value (green color) indicates healthy vegetation, the negative value (red color) indicates soil cover (Hunt et al., 2011) . Red, green and blue colors contain information throughout the growing season. The VARI index is determined by the transitions of the green's reflection value with the red edges. VARI is designed to provide an atmospheric correction and is a good and valid index to predict the vegetation fraction from the visible range of the spectrum. This index can be used to analyze plants in all growth stages (Gitelson et al., 2002) .
The VARI and TGI index maps and index value distributions divided into four parts of the rehabilitation area studied are visualized as histograms in Fig. 7 and Fig. 8 .
Because newly planted almond seedlings are considered first, TGI index was used as subsidiary index by basing on the VARI index applicable to all stages of plant life. The range of values for the VARI index: Value ranges changing between "-1"and "1" that are frequently used in field work are used. In 
Results
Within the scope of the study, the close geography of the site was examined and the experimental plantings for olive and almond trees, which were determined as a priority, were observed and examined between two and seven years. When the experimental plantings in the casting areas yielded positive results by 99% in Rolium Olivarum and by 80-82% in Amygdolus Communis, the sites were mainly afforested with these two species. 50.000 olive saplings were planted in a large part of the dump sites, which has the highest percentage of survival, and which will provide economic contribution in terms of business economy. Today, an average of 20 kg crop per tree is obtained from these planted sites and approximately 1000 tons of olives are produced annually. In other dump sites, to increase plant diversity and produce economic return, Amygdolus Communis were planted in almost 70 hectares and they were monitored. "Plant index maps" were prepared in the site in order to follow and evaluate the plantation and afforestation processes, which is another stage of the study, with UAVs ( Fig. 7 and Fig. 8 ). According to the obtained plant index maps, when the VARI index values are examined in parallel with the high survival percent of Rolium Olivarum both in the experimental areas and in the site, it was determined that it the ones in the range of 0.33 and 0.66 are in the class of "Healthy Plant". This value indicates the class of "immature plant". Additionally, with the UAVs, the visualization of the sites and the processing of the obtained point clouds and the success of the planting process in the site were followed by color scales. Similarly, the intense green color (90-92%) observed in the olive tree region demonstrates the success of the application and monitoring technique. This ratio was obtained between 75-80% in Amygdolus Communis planting area.
Discussions
In the present study, a sample study was conducted in order to rehabilitate the heaps of dump sites formed by pickling materials in open coal pits and to monitor the rehabilitated sites. The purpose of the rehabilitation site while mining activities continue was determined as to ensure nature restoration after mining activities by re-creating natural vegetation of the site before mining activities and to generate economic income by planting in these fields.
In this context, the field studies conducted with the help of long-term field studies and the UAVs can be used actively in monitoring the plants and determining the faces of life. Furthermore, with the help of the UAVs, the removal of plant index maps in the course of the restoration of large mining sites has been shown to be a fast, reliable and modern method to control the success of the rehabilitation processes at the sites.
